We present Herschel observations of the water molecule in the massive star-forming region W3 IRS5. The o-H lines show absorption from the cold material (T ∼ 10 K) in which the high-mass protostellar envelope is embedded. One-dimensional radiative transfer models are used to estimate water abundances and to further study the kinematics of the region. We show that the emission in the rare isotopologues comes directly from the inner parts of the envelope (T 100 K) where water ices in the dust mantles evaporate and the gas-phase abundance increases. The resulting jump in the water abundance (with a constant inner abundance of 10 −4 ) is needed to reproduce the o-H 17 2 O 1 10 -1 01 and p-H 18 2 O 1 11 -0 00 spectra in our models. We estimate water abundances of 10 −8 to 10 −9 in the outer parts of the envelope (T 100 K). The possibility of two protostellar objects contributing to the emission is discussed.
Introduction
The water molecule is a key species for studying star formation. In the cool regions of molecular clouds (T < 100 K), water is present as ice in the mantles of dust grains. In the immediate surroundings of high-mass protostars, the dust is heated to temperatures well above 100 K, evaporating the water ices and increasing its abundance in the gas phase by several orders of magnitude and making water one of the most abundant molecules. Understanding how the accretion of matter overcomes radiative pressure in massive protostars is a major astrophysical problem (Zinnecker & Yorke 2007) , and water may play an active role in the energy balance (e.g. Doty & Neufeld 1997) . Due to the abundance jump, water makes it possible to specifically study the inner regions from which the massive protostar accretes.
Low angular-resolution water observations of protostellar envelopes (region 0.1 pc in size with a density n(H 2 ) 10 6 cm −3 and centrally peaked density and temperature profiles) with the Infrared Space Observatory (ISO) and the Submillimeter Wave Astronomy Satellite (SWAS) have revealed ⋆ Herschel is an ESA space observatory with science instruments provided by European-led Principal Investigator consortia and with important participation from NASA. overall abundances of less than 10 −7 . The much smaller beam of the Herschel Space Observatory (Pilbratt et al. 2010) , together with the high spectral resolution of the Heterodyne Instrument for the Far-Infrared (HIFI, de Graauw et al. 2010) , gives a unique opportunity to separate the emission and absorption in the inner (T 100 K) and outer (T 100 K) protostellar envelope in order to build a model of the structure and kinematics of these innermost regions which are critical to fueling the future star.
In this letter, we report water observations of the region W3 IRS5 (Wynn-Williams et al. 1972 ). W3 IRS5 is a bright infra-red source located in the active star-forming region W3 in the Perseus arm at a distance of 2.0 kpc (Hachisuka et al. 2006) . Its high FIR luminosity (1 − 2 × 10 5 L ⊙ , Ladd et al. 1993 ) and the detection of radio emission (Wilson et al. 2003; van der Tak et al. 2005) indicates that W3 IRS5 hosts high-mass stars in an early stage of evolution. High-resolution near-IR images show a cluster of IR-sources in W3 IRS5 with two sources identified as the main elements ( Figure 1 and Megeath et al. 2005) . These correspond to the bright millimeter sources MM1 and MM2 identified by Rodón et al. (2008) . They are separated by ∼ 1" and drive two of the several outflows identified by Boonman et al. (2003) and Rodón et al. (2008) . . The gray-scale inset is a close-up of the central area at 2.2 microns with white contours corresponding to 30, 60 and 90% of the peak flux at 1.4 mm (Rodón et al. 2008) . The black bar (top right of inset) represents a distance of 5.000 AU (2.5 ′′ ). van Dishoeck et al, in prep) . Data were taken simultaneously in H and V polarizations using both the acousto-optical Wide-Band Spectrometer (WBS) with 1.1 MHz resolution and the correlator-based HighResolution Spectrometer (HRS) with 480 kHz resolution (resolutions of 0.30 and 0.13 km s −1 , respectively, for the 1100 GHz lines). We used the double beam switch observing mode with a throw of 3 ′ . HIFI receivers are double sideband with a sideband ratio close to unity.
The frequencies, energy of the upper levels, system temperatures, integration times, rms noise level at a given spectral resolution, the beam size and efficiency B eff , and the observed continuum level for each of the lines are provided in Table 1 . Typical uncertainty in the frequencies is on the order of 100 kHz (Pearson et al. 1991) . Calibration of the raw data onto T A scale was performed by the in-orbit system (Roelfsema 2010) ; conversion to T mb was done with a beam efficiency estimated by raster maps of Mars (Table 1, R. Moreno, priv. comm.) . The forward efficiency is 0.96. Currently, the flux scale accuracy is estimated to be between 5 and 10%. Data was calibrated in the Herschel Interactive Processing Environment (HIPE, Ott 2010) version 3.0. Further analysis was done within the CLASS 1 package. After inspection, data from the two polarizations were averaged.
Results and analysis
Our interpretation of the spectra uses the following terms: inner and outer envelope (as defined in § 1), cold molecular cloud (the region with T ∼ 10 K in which the protostellar envelope is embedded), and foreground cloud (unrelated molecular material in the line of sight at a different V LSR ).
The continuum subtracted water spectra are shown in Fig. 2 • ), this water absorption is probably produced by a cold (T ∼ 10 K) foreground cloud on the line of sight. Other cases of absorption due to clouds along the line of sight toward similar sources are reported by Marseille et al. (2010) and Wyrowski et al. (2010) .
Emission and absorption features
Most of the water emission spectra in W3 IRS5 can be described as the sum of two velocity components: one broad (FWHM = 33-40 km s −1 ) and one medium (FWHM = 5-10 km s −1 ). The broad component is visible in all but the rare species and is centered approximately on the V LSR of the source (see the broad component for the 988 GHz line in Fig. 2) . Boonman et al. (2003) observed the outflow in W3 IRS5 in CO J = 7 − 6 with the JCMT and found a similar line width to what is in the water broad component. We assume that the broad component is due to the outflow.
The medium component exhibits emission in the p-H 2 O 2 02 -1 11 and rare isotopologue lines with two peaks at −37 and −41 km s −1 in the p-H 2 O 2 02 -1 11 and p-H 18 2 O 1 11 -0 00 spectra. A blend of emission and absorption is seen in the p-H 2 O 1 11 -0 00 , o-H 2 O 2 21 -2 12 , and o-H 2 O 2 12 -1 01 lines. The absorption in the H 2 O lines is blue-shifted (P-Cygni profile), suggesting an expansion of the envelope, as also detected by Benz et al. (2010) in the hydride lines of W3 IRS5. The expansion is probably powered by the multiple outflows known to exist in W3 IRS5 (Rodón et al. 2008 The two-component profiles seen in emission in several of the water lines seem to be systematic features of protostellar objects, since it has been observed for low-mass Class 0 objects by Kristensen et al. (2010) and for intermediate-mass protostars by Johnstone (2010) . Kristensen et al. (2010) propose that both the broad and medium components are associated with outflow shocks. In contrast to the low-mass protostars, the emission of the rare isotopologues only comes from the medium component and not from the broad outflow.
Two protostellar objects seen in the optically thin lines?
Double peaks in emission at V LSR ≈ −36 and −40 km s −1 in the mostly optically thin p-H 2 O 2 02 -1 11 and p-H 18 2 O 1 11 -0 00 line profiles suggest the detection of more than one protostellar envelope. Since the interferometric observations from Rodón et al. (2008) show that there are two millimeter sources within the HIFI beam (Fig. 1 ) that dominate the dust continuum emission in this region, it is possible that the two peaks correspond to emission from these two high-mass protostellar objects.
Ground-based observations of C 17 O, CS, SO, and CH 3 OH molecules (van der Tak et al. 2003 (van der Tak et al. , 2006 Helmich & van Dishoeck 1997) show lines that cover the entire velocity range of emission, but they do not help distinguish between one or two protostellar envelopes. The continuum observations by Rodón et al. (2008) could not measure the velocities of MM1 and MM2.
Even though the hypothesis of the detection of two protostellar envelopes in the spectra needs to be investigated in more detail (to be presented in a forthcoming paper), we show in § 3.3 that a two protostellar envelope model tends to fit the observations better than does a single protostellar envelope model.
A model of W3 IRS5
We used the Monte Carlo code MC3D (Wolf 2003) and the radiative transfer program RATRAN (Hogerheijde & van der Tak 2000) to model the water emission in W3 IRS5 following the method described in Marseille et al. (2008) with a power-law density exponent of -1.2. The models assume spherical symmetry. A more detailed investigation of the region's morphology using 2D models is in progress and will be published when the entire set of water lines (including maps) is observed. Our models in W3 IRS5 have three components: an outflow, one (or two) protostellar envelopes, and a cold cloud. The outflow contribution to the spectra was modeled as a Gaussian emission line with FWHM between 33 and 40 km s −1 . The cold cloud was introduced taking the cloud parameters described in § 3.1 for the saturated absorption. Three input parameters are used to fit the line profiles in the envelope model: water abundance (X H 2 O ), turbulent velocity (V tur ), and expansion velocity (V exp ). The width of the line is adjusted by changing V tur . The line asymmetry is reproduced by the expansion velocity V exp . The line intensity is fit by a combination of the abundance, V tur , and V exp parameters. Wilson & Rood 1994; Wouterloot et al. 2008) , and 3 for ortho/para-H 2 O. The models assume a jump in the abundance in the inner envelope at 100 K with a constant inner abundance of 10 −4 . Having the jump occur at the radius predicted by the physical model leads to overestimating the water line intensity in the inner envelope. We thus decreased the size of the emitting region (to ∼1500 AU) by putting the abundance jump at a temperature of 150 K. An alternative model leading to similar results keeps the jump at 100 K and decreases the water abundance in the inner envelope by a factor of 10. We assume that the line intensities from the various components can simply be added as in the optically thin limit, and future models will treat this effect in more detail. Table 2 gives the parameters used in the models and the model spectra are shown in Fig. 2 for both a single and a double protostellar envelope model. The outer radius in the table corresponds to the deconvolved radius taken from the 1.3 mm continuum emission (Oldham et al. 1994) .
The observed lines were fit using the following strategy. First, we modeled the rare isotopologue lines and then the p-H 2 O 2 02 -1 11 line (including the outflow emission) using the same X H 2 O , V tur , and V exp values. Once we were able to reproduce the main features of those profiles by minimizing residuals on a grid of values, we applied the same parameters to the rest of the lines, including an outflow component when justified. For the single protostellar envelope model, it was not possible to correctly fit the rare isotopologues and p-H 2 O 2 02 -1 11 lines using the same X H 2 O , V tur , and V exp values. For the double protostellar envelope model, all of the spectra are better fit with the exception of o-H 2 O 2 21 -2 12 . The deep absorption in the p-H 2 O 1 11 -0 00 and o-H 2 O 2 12 -1 01 lines is reproduced well only if we add a cold cloud to the model. The uncertainties for the water abundances are about a factor of 3 and for V tur and V exp about ∼ 1 km s −1 . As shown in Fig. 2 , the emission in the rare isotopologue lines is only reproduced in our models by including a jump in the water abundance in the inner envelope. The estimated optical depths for the lines of the rare species are low (τ ∼ 0.1, estimated using RATRAN). This suggests that the emission in the rare species comes from the inner envelope where the water abundance is greatly enhanced. Emission from this region could be the expected contribution from the passively (radiatively) heated inner envelope.
Summary
Spectra of six water lines observed with the Herschel-HIFI instrument in the high-mass star-forming region W3 IRS5 are presented and discussed. A 1D radiative transfer model was applied to estimate water abundances and study the kinematics in the protostellar envelope. The main results follow.
1. We detect strong water emission and absorption. 2. A strong outflow component is detected in the water lines. 3. Water emission shows absorption from cool molecular gas hosting the protostellar envelope. Blueshifted absorption suggests an expansion of the outer envelope, and no infall signature is detected. 4. Radiative transfer models indicate water abundances ranging from 10 −8 to 10 −10 in the outer envelope. 5. Based on our model, a jump in water abundance in the inner envelope is needed to reproduce the H 
